Introduction
============

Functional dyspepsia (FD) is one of the most common and important diseases worldwide.^[@ref1]^ The prevalence of dyspepsia in Thailand is 66%, and 60-90% of these patients exhibit FD.^[@ref2]^ Although, FD is a benign disease, it significantly decreases the quality of life.^[@ref3],[@ref4]^

Most guidelines recommend an empirical trial of proton pump inhibitors (PPIs) for 4-8 weeks as first-line treatment.^[@ref5]-[@ref7]^ However, the overall response rate of FD patients to PPI treatment varies between 30-50%, and only 10-20% achieve a therapeutic gain over placebo.^[@ref8]-[@ref12]^ Approximately half of FD patients do not respond well to PPI treatment.

The management of PPI non-responsive FD is a challenge. Several pathophysiological mechanisms were proposed, and the treatment options directly target the underlying processes.^[@ref13],[@ref14]^ Tricyclic antidepressants modify visceral hypersensitivity and brain-gut interactions and prokinetics, which regulate gut motility, and the use of these agents is proposed in clinical guidelines.^[@ref5],[@ref6]^ However, some of the treatment options have limited evidence to support their use, including antispasmodics, analgesics, and over-the-counter remedies.^[@ref15]^

Clidinium bromide is an anticholinergic/antispasmodic agent, and chlordiazepoxide hydrochloride is a benzodiazepine/anxiolytic drug. The United States Food and Drug Administration approved the use of this combination, clidinium/chlordiazepoxide, as an adjunct therapy for the treatment of peptic ulcer, irritable bowel syndrome (IBS), and acute enterocolitis. Based on pathophysiological abnormalities in FD, clidinium/chlordiazepoxide may act on the gastroduodenal motor and psychosocial disturbance^[@ref16]-[@ref18]^ to potentially benefit FD patients. However, to date, there are no adequate trials to support their efficacy. Therefore, we assessed the efficacy and safety of clidinium/chlordiazepoxide as an add-on to PPI therapy in refractory FD.

Materials and Methods
=====================

Study Design
------------

This study was a prospective, single-center, double-blind, randomized control, placebo-controlled trial study conducted at our hospital from March 2017 through February 2018. The study was conducted according to the Declaration of Helsinki and Good Clinical Practice guidelines. All patients provided written informed consent to participate in the study. This trial is registered with the Thai Clinical Trials Registry (No. TCTR20171016004).

Participants
------------

Eligible patients, aged 18 years to 70 years, who were diagnosed with FD according to Rome IV criteria,^[@ref19]^ were invited to participate in this study. All patients had normal upper endoscopy and no evidence of *Helicobacter pylori* infection within 1 year before enrolment. FD subtypes were determined from a structured interview during the baseline visit. All patients remained symptomatic after treatment with a standard dose of PPI for 8 weeks prior to enrolment.

Exclusion criteria included predominant symptoms of gastroesophageal reflux disease (GERD) or IBS; a history of using nonsteroidal anti-inflammatory drugs, antiplatelets or anticoagulants within 1 month before enrolment; severe comorbid diseases; a history of psychological distress, mental health problems, uncontrolled glaucoma, or obstructive uropathy; and current or planned pregnancy.

Randomisation and Intervention
------------------------------

Randomisation was done using computer-generated blocking randomization. Patients were randomized into 1 of 2 study arms. An independent staff member assigned the treatments according to consecutive numbers, which were kept in sealed envelopes. All investigators and patients were blinded to treatment allocation.

Eligible patients had a 2-week PPI wash-out and baseline assessment period before randomisation. Patients received clidinium/chlordiazepoxide or placebo 3 times daily together with a standard dose of omeprazole once daily for 4 weeks. Patients in the treatment arm were given a capsule containing 2.5 mg of clidinium bromide and 5 mg of chlordiazepoxide hydrochloride (Tumax; Sriprasit Pharma Co, Ltd, Samut Skhon, Thailand), and patients in the placebo arm were given an identical capsule containing starch as the add-on therapy to omeprazole. Patients were advised to avoid the use of over-the-counter medications during the study. Compliance was checked via interview and pill count.

Outcome Assessment
------------------

Baseline characteristics (age, sex, body mass index, smoking, alcohol drinking, underlying medical disease, FD subtype, and symptom duration) were recorded.

Symptom severity was evaluated by a global overall symptom scale (GOSS, using a 7-point Likert dyspepsia severity scale).^[@ref20]^ The scores of each symptom were summed and resulted in a total score of 8 to 56. The GOSS was assessed at baseline and weekly until completion of the 4 weeks of study. Patients who exhibited decreased GOSS \> 50% from baseline were considered responders.

The short form Nepean dyspepsia index (SF-NDI) was used to assess FD quality of life at baseline and week 4 of treatment. NDI scores were summarized into overall quality of life and 5 subscales (Interference, Knowledge/Control, Eating/Drinking, Sleep Disturbance, and Work/Study), which resulted in a total score of 10 to 50. Higher scores of GOSS and NDI indicated more severe symptoms and a lower quality of life.^[@ref21]^ The timeline of the study is shown in [Figure 1](#F1){ref-type="fig"}.

The primary outcome was the percentage of responders. The secondary outcomes were improvement in the quality of life at 4 weeks and the safety profile.

Statistical Methods
-------------------

To date, the placebo response in FD is approximately 30% to 40% among patients in randomized-controlled trials.^[@ref22]^ In 1961, Holloman^[@ref23]^ reported the clinical experience of 106 patients using clidinium/chlordiazepoxide for upper gastrointestinal diseases, primarily peptic ulcer disease, and ulcer-like dyspepsia, and showed that 85% of patients had marked symptom improvement. Since the sample size calculations were based on the estimation that the proportions of responders would be 30% in the placebo group and 70% in the treatment group, and the additive effect would expect to be 40%, with a 5% β-error and a 20% β-error. Taking a 20% drop-out rate into account, the number of participants in this study was 30 patients in each arm. The primary outcomes were based on the intention-to-treat (ITT) analysis. For the primary outcome, the chi-square or Fisher's exac*t* test was used to analyse the difference between the 2 treatment groups using the proportion of responders and the dyspepsia symptom score. For the secondary outcomes, quality of life scores was compared between the 2 treatment groups using unpaired *t* test or Mann-Whitney *U* test. For the safety assessment, the incidences of adverse events were compared using the chi-square test. Analyses were performed in SPSS version 18 (IBM, Armonk, NY, USA). *P*-values \< 0.05 were considered statistically significant.

Results
=======

Enrollment and Baseline Characteristics
---------------------------------------

Between March 2017 and February 2018, 78 patients were enrolled and randomly assigned to the clidinium/chlordiazepoxide group (n = 39) or placebo group (n = 39). The patients' baseline clinical and laboratory characteristics are shown in [Table 1](#T1){ref-type="table"}. There were no significant differences between treatment and placebo groups in baseline characteristics, including age, sex, body mass index, underlying diseases, smoking, and alcohol status, duration of symptoms, dyspepsia subtypes, and disease severity score. However, the quality of life in the treatment group was worse than that in the placebo group. Two patients (5%) in the treatment group and 3 patients (8%) in the placebo group were lost to follow up. Therefore, 73 patients completed the study (37 with treatment and 36 with placebo, shown in [Figure 2](#F2){ref-type="fig"}. The overall compliance with the study medications was greater than 90% for all participants.

Dyspepsia Symptom Score
-----------------------

In the ITT analysis, the rates of responders in the treatment and placebo groups were 7.69% and 0.00% at week 1 (*P* = 0.077), 25.64% and 5.13% at week 2 (*P* = 0.012), 28.21% and 5.13% at week 3 (*P* = 0.006), and 41.03% and 5.13% at week 4 (*P* \< 0.001), respectively ([Fig. 3](#F3){ref-type="fig"}). The treatment group had a therapeutic gain of 35.73% over the placebo group. Per-protocol analysis ([Supplementary Fig. 1](#S1){ref-type="supplementary-material"}) did not substantially change as compared to ITT analysis. Comparison of the mean difference in GOSS pre- and post-treatment within each group revealed a significant decrease in overall and symptom-specific score in the clidinium/chlordiazepoxide group compared to the placebo group ([Table 2](#T2){ref-type="table"}).

According to dyspepsia subtype ([Supplementary Fig. 2](#S1){ref-type="supplementary-material"}), the responder rate at week 4 in postprandial distress syndrome (PDS) subtype (n = 21) was 33.33% (treatment group) and 0.0% (placebo group) (*P* = 0.025), in epigastrium pain syndrome (EPS) subtype (n = 17) was 28.57% (treatment group) and 16.67% (placebo group) (*P* = 0.573), in mixed subtype (n = 26) was 64.29% (treatment group) and 5.88% (placebo group) (*P* = 0.001).

Quality of Life
---------------

Evaluation using the SF-NDI index demonstrated that at baseline the treatment group was significantly higher than the placebo group (30.1 ± 5.9 vs 26.8 ± 6.6, *P* = 0.026). This means the treatment group has a poorer quality of life compared to the placebo group, this may occur from small sample size and potential cause bias for the study. Nevertheless, SF-NDI is not affected in the primary outcome analysis and the change of overall SF-NDI at week 4 of the study was significantly different between the treatment group --14.35 (--16.48, --12.23) and placebo group --3.44 (--5.77, --1.11) ([Table 3](#T3){ref-type="table"}).

Safety and Tolerability
-----------------------

There were 24 adverse events reported ([Fig. 4](#F4){ref-type="fig"}). The most frequently reported adverse event was drowsiness/somnolence. The treatment group had more frequent drowsiness than the placebo group (30.27% and 6.52%, respectively, *P* = 0.034). However, no patient dropped out due to adverse events. No serious adverse events were reported during the 4 weeks of study.

Discussion
==========

The pathogenesis of FD is an expected heterogeneous condition. Most of the standard treatment usually focuses on gastric abnormality, typically PPIs and prokinetics, however, the overall results are still inadequate. Recent researches supported that subtle inflammation in the duodenum may be involved in the pathophysiology of FD, followed by sensory-motor dysfunction.^[@ref24]^ According to this data, anxiolytics combined with antispasmodics may be a potential new therapeutic option in FD. We noticed that the anti-spasmodic drug can use to treat FD well in our clinic, particularly when it combined with neuromodulator such as clidinium/chlordiazepoxide. In 1961, Holloman^[@ref23]^ reported the clinical experience of 106 patients using clidinium/chlordiazepoxide for upper gastrointestinal diseases, primarily peptic ulcer disease and ulcer-like dyspepsia, and showed that 85% of patients had marked symptom improvement without evidence of adverse events. However, this study only reported a clinical experience without placebo control.

Our randomized, double-blind, placebo-controlled trial showed the effectiveness of clidinium/chlordiazepoxide as an add-on to PPI for the treatment of refractory FD patients with a therapeutic gain of approximately 36% over placebo and improved quality of life, as indicated in the significant decrease of SF-NDI scores from baseline (--14.35) at week 4 compared to placebo with PPI (--3.44). The response rate in the treatment group compared to the placebo group tended to increase over time (7.69% vs 0.00% at week 1, 25.64% vs 5.13% at week 2, 28.21% vs 5.13% at week 3, and 41.03% vs 5.13% at week 4, respectively) with a significant superiority of treatment over placebo from the second week of treatment. However, the response rate of the placebo group in our study (5.13%) was lower than previous studies (around 30-40%),^[@ref25]^ which may be because the patients enrolled in our trial were truly PPI-nonresponsive patients at a tertiary care center.

Clidinium/chlordiazepoxide add-on to PPI improved almost all symptom subtypes, including epigastrium pain, epigastrium burning, early satiety, postprandial fullness, belching and bloating, and only nausea did not improve. This result indirectly suggests that clidinium/chlordiazepoxide may be used for EPS and PDS in FD patients. However, in subgroup analysis for FD subtype, clidinium/chlordiazepoxide add-on was effective in PDS subtype (33.33% vs 0.0%, *P* = 0.025) and mixed subtype (64.29% vs 5.88%, *P* = 0.001), but not for EPS subtype (28.57% vs 16.67%, *P* = 0.573). In our opinion, the response rate of placebo group (PPI alone) in the EPS subtype was higher than PDS and mixed subtype; these made the therapeutic gain in EPS subtype lower, together with a lower number of patients in EPS subtype (n = 17), these may cause insufficient power to interpret this result.

Clidinium bromide is an anticholinergic (specifically a muscarinic antagonist) drug as opposed to the acotiamide which is known to effective in FD.^[@ref26]^ The anticholinergic effect can decrease gastric contraction and accommodation that may worsen the symptom of FD.^[@ref27]^ However, our study showed that clidinium/chlordiazepoxide is effective in PDS and mixed subtype. We do not understand the exact mechanism behind this result; in our opinion, we think this may be related to small bowel dysmotility. Several studies, using manometry in FD patients, suggested abnormal motility is not only confined to the stomach; proximal small intestinal also showed a high prevalence of dysmotility.^[@ref28],[@ref29]^ The recent study using 24-hour antrojejunal ambulatory manometry in severe motility-like dyspepsia showed small bowel dysmotility postprandial period; also the most frequent qualitative abnormalities pattern has been observed in previous IBS studies.^[@ref29],[@ref30]^ We hypothesis that antispasmodic may modulate abnormal small bowel contractility; possibly the same effect that antispasmodic showed effectiveness in IBS treatment. Nevertheless, we did not perform manometry to prove our hypothesis.

The adverse events in our study were similar in the treatment and placebo groups, except for drowsiness, which was significantly more common in the clidinium/chlordiazepoxide group (30%) than in the placebo group (7%). However, most of the patients reported only mild drowsiness, and they maintained normal daily activity. No patient withdrew from our study due to drowsiness. The dropout rate was not significantly different between the treatment group (5%) and the placebo group (8%).

The strengths of our study include that it is the first randomized, double-blind, placebo-controlled trial to support the benefit of a combination of a low dose of an antispasmodic agent with a benzodiazepine add-on to PPI in FD patients. Second, all patients in our study were truly FD diagnosed using the Rome IV criteria, and all patients had a normal endoscopic examination and no evidence of *H. pylori* infection. Third, our trial strictly excluded patients with IBS symptoms to avoid the benefit of the antispasmodic in IBS patients. Many studies support the benefit of antispasmodics in patients with IBS,^[@ref31],[@ref32]^ and the incidence of FD and IBS overlap in Asia varies from 2% to 49%.^[@ref33]^

Our study has several limitations. First, we did not perform a physiological study to demonstrate the effect of the antispasmodic on gastric emptying time, gastric accommodation or small intestine motility. Second, the standard mental health screening tool was not used to exclude psychiatric diseases. Therefore, we cannot conclude that the results of our study were produced exclusively from the synergistic response to both drugs or occurred primarily because of the antispasmodic or anxiolytic drug. Third, this trial evaluated only 4 weeks of treatment instead of the typical 8-12 weeks used in other trials, because of concerns about the addictive potential of chlordiazepoxide and lack of extended follow-up period after treatment to assess the long-term efficacy and adverse effects of treatment.

In conclusion, this prospective, randomized, double-blind, placebo-controlled clinical trial showed that clidinium/chlordiazepoxide significantly improved dyspeptic symptoms and quality of life. It may be used as an add-on therapy in FD patients who failed to respond to PPI without any major adverse event. However, we recommend the use of clidinium/chlordiazepoxide as an adjunctive treatment for only a short duration to avoid the addiction potential.
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###### 

Baseline Characteristics

  Characteristics                Clidinium/Chlordiazepoxide (n = 39)   Placebo (n = 39)   *P*-values
  ------------------------------ ------------------------------------- ------------------ ------------
  Age (year)                     43 (36.5-60.5)                        50 (39-59)         0.204
  Female                         25 (75.8)                             21 (67.7)          0.664
  BMI (kg/m^2^)                  21.3 (19.6-24.5)                      22.6 (20.4-25.2)   0.188
  Underlying disease             15 (45.5)                             11 (35.5)          0.578
  Hypertension                   8 (53.3)                              6 (54.5)           0.865
  Other                          7 (46.7)                              5 (45.5)           
  Smoker                         1 (3.0)                               3 (9.7)            0.347
  Alcohol drinker                4 (12.1)                              0 (0.0)            0.114
  Duration of symptom (months)   16 (10-24)                            12 (12-36)         0.608
  FD Subtype                     0.399                                                    
  PDS                            9 (27.3)                              12 (38.7)          
  EPS                            11 (33.3)                             6 (19.4)           
  Mixed type                     13 (39.4)                             13 (41.9)          
  GOSS                           32.6 ± 7.2                            31.2 ± 8.1         0.427
  Short form NPI                 30.1 ± 5.9                            26.8 ± 6.6         0.026

BMI, body mass index; FD, functional dyspepsia; PDS, postprandial distress syndrome; EPS, epigastrium pain syndrome; GOSS, global overall symptom scale; NPI, Nepean dyspepsia index.

Data are presented as median (interquartile range), number (%), or mean ± SD.

###### 

The Mean Difference in Severity Score (Global Overall Symptom Scale) Between Groups

  Symptom                      Clidinium/chlordiazepoxide (n = 37)   Placebo (n = 36)   *P*-values                                                                            
  ---------------------------- ------------------------------------- ------------------ ---------------------------- -------------- --------------- ------------------------- ----------
  Overall symptoms             32.30 ± 7.22                          16.51 ± 5.58       --15.78 (--18.24, --13.33)   31.53 ± 7.64   26.75 ± 10.50   --4.78 (--7.43, --2.13)   \< 0.001
  Epigastric pain              4.89 ± 1.52                           2.51 ± 1.17        --2.38 (--2.83, --1.93)      5.00 ± 1.55    4.14 ± 1.84     --0.86 (--1.34, --0.38)   \< 0.001
  Epigastric burning           4.62 ± 1.74                           2.08 ± 0.95        --2.54 (--3.10, --1.98)      3.72 ± 2.08    3.33 ± 2.19     --0.39 (--0.78, 0.00)     \< 0.001
  Heartburn or regurgitation   4.76 ± 1.79                           2.32 ± 1.16        --2.43 (--3.02, --1.85)      4.91 ± 1.36    3.89 ± 1.85     --1.03 (--1.58, --0.48)   0.001
  Early satiety                3.27 ± 1.97                           1.76 ± 1.12        --1.51 (--2.07, --0.96)      3.36 ± 1.93    2.83 ± 1.70     --0.53 (--0.94, --0.11)   0.005
  Nausea                       2.57 ± 1.90                           1.38 ± 0.79        --1.19 (--1.73, --0.65)      2.56 ± 1.71    2.22 ± 1.62     --0.33 (--0.67, 0.00)     0.008
  Belching                     4.32 ± 1.75                           2.57 ± 1.39        --1.76 (--2.28, --1.23)      4.78 ± 1.49    4.03 ± 1.63     --0.75 (--1.16, --0.34)   0.003
  Postprandial fullness        4.30 ± 1.76                           2.16 ± 1.26        --2.14 (--2.65, --1.62)      4.08 ± 1.70    3.64 ± 1.71     --0.44 (--0.87, --0.02)   \< 0.001
  Epigastric bloating          3.57 ± 2.05                           1.73 ± 0.99        --1.84 (--2.41, --1.263)     3.11 ± 2.14    2.67 ± 2.03     --0.44 (--0.88, --0.01)   \< 0.001

###### 

The Mean Difference in the Quality of Life Scale (Short Form Nepean Dyspepsia Index) Between Groups

  Parameter                            Clidinium/chlordiazepoxide (n = 37)   Placebo (n = 36)   *P*-value                                                                            
  ------------------------------------ ------------------------------------- ------------------ ---------------------------- -------------- -------------- ------------------------- ----------
  Overall                              30.38 ± 6.15                          16.03 ± 4.86       --14.35 (--16.48, --12.23)   27.75 ± 7.24   24.31 ± 8.59   --3.44 (--5.77, --1.11)   \< 0.001
  Tension                              7.38 ± 1.69                           3.76 ± 1.16        --3.62 (--4.30, --2.94)      6.58 ± 1.30    5.50 ± 1.80    --1.08 (--1.71, --0.46)   \< 0.001
  Interference with daily activities   4.89 ± 2.71                           2.73 ± 1.37        --2.16 (--2.99, --1.34)      4.44 ± 2.80    4.14 ± 2.44    --0.31 (--0.92, 0.30)     0.001
  Eating/drinking                      4.76 ± 1.86                           3.14 ± 1.18        --1.62 (--2.23, --1.02)      5.08 ± 2.10    4.83 ± 1.96    --0.25 (--0.91, 0.41)     0.003
  Knowledge/control                    7.89 ± 1.54                           3.62 ± 1.25        --4.27 (--4.92, --3.62)      7.31 ± 1.85    5.64 ± 2.03    --1.67 (--2.38, --0.95)   \< 0.001
  Work/study                           5.46 ± 2.86                           2.78 ± 1.27        --2.68 (--3.58, --1.77)      4.33 ± 2.61    4.19 ± 2.55    --0.14 (--0.76, 0.48)     \< 0.001
